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vABSTRACT
Cassava starch wastewater and sludge that discarded from the cassava starch 
processing industries contain high amount of starch and organic materials which 
causes environmental pollution. Starch-degrading bacteria that isolated from starch 
wastes are believed to have higher rate of starch degradation and production of a - 
amylase. The aim of this study was to isolate starch-degrading bacteria from the 
cassava wastewater and sludge. The isolation was done by serial dilution. Total 17 
bacterial isolates were isolated from the collected samples. Among the 17 isolates, 
one isolate from sludge showed amylolytic activity. The isolate is a Gram-positive 
bacteria with long rod-shaped under microscopic identification. Cassava wastewater 
was utilized as substrate in batch fermentation to study the hydrogen production, the 
growth kinetics, the rate of starch utilisation and the production of reducing sugars of 
the isolate. There was no hydrogen production from the isolate. The specific growth 
rate in cassava wastewater medium was 0.04876 h-1. The doubling time and number 
of cell generation were 14.21 hour and 1.69 respectively. The isolate consumed 
about 88% of starch at the end of the fermentation. The maximum amylase activity 
and reducing sugars o f the isolate were 41.34 U/mL and 3.207 mg/mL. 16S rRNA 
gene sequencing and phylogenetic analysis indicated that the isolate is in the same 
clade as Bacillus cereus. The isolate was designated Bacillus sp. CS9 and the partial 
16S rRNA sequence has been deposited into the GenBank with nucleotide accession 
number MF138129.
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ABSTRAK
Air limbah dan enapcemar kanji ubi kayu yang mangandungi jumlah kanji 
dan bahan-bahan organik yang tinggi dibuang dari pemprosesan kanji ubi kayu telah 
menyebabkan pencemaran alam sekitar. Pengasingan bakteria yang mampu 
degradasi kanji daripada kanji sisa dipercayai mempunyai kadar degradasi yang 
tinggi dan pengeluaran enzim amilase. Tujuan kajian ini adalah untuk menentukan 
bakteria yang mempunyai kemampuan degradasi kanji. Pemencilan bakteria 
dilakukan dengan kaedah pencairan bersiri. Sebanyak 17 bakteri yang dipencilkan 
daripada sampel yang dikumpulkan. Antara 17 bakteria, hanya bakteria CS9 
daripada enapcemar menunjukan activiti amilolitik. Berdasarkan pencirian secara 
mikroskopik, bakteria tersebut merupakan bakteri Gram-positif dalam bentuk batang. 
Ubi kayu air sisa digunakan sebagai substrat dalam proses penapian kumpulan untuk 
mengkaji pengeluaran hidrogen, kinetik pertumbuhan, kadar penggunaan kanji dan 
pengeluaran gula isolate. Bakteria tersebut tidak mampu mengeluarkan hidrogen. 
Kadar pertumbuhan isolate adalah 0.04876 h"1. Kali ganda dan generasi sel adalah 
14.21 jam dan 1.69 masing-masing. Kira-kira 88% kanji dalam penapaian kumpulan 
telah digunakan oleh isolate tersebut. Aktiviti amilase maksimum dan pengeluaran 
gula adalah 41.34 U/mL dan 3.207 mg/mL masing-masing. Kajian 16S rRNA 
penjujukan dan analisis filogenetik menunjukkan bahawa isolat adalah dalam klad 
yang sama dengan Bacillus cereus. Bakteria ini dinamakan sebagai Bacillus sp. CS9 
dan separa 16S rRNA penjujukan disertai dengan nombor nukleotida MF138129 
dalam GenBank.
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CHAPTER 1
INTRODUCTION
1.1 Background of study
Starch is a natural occurring polysaccharide which composed of D-glucan 
consisting of amylose and amylopectin. The heterogeneity and versatility of starch 
from agricultural commodities benefits in the food and non-food industries. The 
extraction and processing of starch from root crops is one of the most significant 
agro-industry in Asia (Fuglie, Oates, & Xie, 2006). During the processing of starch, 
large amount of starch wastewater and solid wastes are generated and released into 
the environment from starch processing industry. Disposal of the starch wastes 
freely contaminants nearby water sources and the discharged of wastewater and solid 
contaminants into drainage system causing water blockage and releasing a foul odor 
(Kolawole, 2014).
Researchers have been investigated on the treatment of starch effluents based 
on biological processes. The carbohydrate wastes could be utilised for the 
wastewater treatment to produce high value added product such as a-amylase 
production. Hydrolysis of starch can be done by starch-degrading microorganisms 
naturally.
2Enzymatic degradation of starch to smaller oligosaccharides such as glucose and 
maltose by fermentation is usually carried out by a-amylase (Kumar & Das, 2000). 
Isolation and screening of novel a-amylases producing microorganisms from starch 
wastes or starchy environment are believed to have higher rate of starch consumption 
and to produce higher amount of a-amylase (Gopinath et al., 2017).Amylases are the 
most important industry enzymes constituting about 25% of the enzyme market. The 
enzyme from microbial sources is preferable because of its plasticity and vast 
availability (Rana, Walia, & Gaur, 2013). Microbial amylases have more special 
characteristics than animal and plant enzymes. The enzymes are more stable and 
active at their optimum temperature. Furthermore, microorganisms can be cultured in 
large amount in a short time by fermentation having their own biochemical diversity. 
Microbial enzymes content are easier to manipulate by genetic engineering to derive 
desired rate of enzyme production (Gurung, Ray, Bose, & Rai, 2013). Starch- 
degrading enzymes has a great application in biotechnology ranging from food and 
beverages, fermentation, textile to paper industries due to the great microbial 
diversity in the environment, optimal growth requirements, simple and cost effective 
production, accessibility and efficient.
1.2 Problem Statement / Significance of study
Most of the studies focused on the production of microbial a-amylase from 
soluble starch because soluble starch is easier and faster to degrade by 
microorganisms. However, soluble starch is more expensive to be used in 
commercial application and this will increase the expenses on the production of a - 
amylase. In addition, the reports on the biohydrogen production from facultative 
anaerobes using starch wastes are somehow restricted. Based on the reviewed 
literature by Elsharnouby, Hafez, Nakhla, and El Naggar (2013), there was only 20% 
studies have focused on sustainable feedstock (real waste) for biohydrogen
3production. About 80% of the studies on biohydrogen production were done by 
using pure carbohydrates as substrates.
In Malaysia, there are many cassava processing industries that produce 
cassava chips. At the same time, the wastes generated from the industries consist of 
high concentrations of starch and other organic compunds that lead to a detrimental 
effect of soil and water pollutions. The high load of wastes that being discarded into 
the rivers, ponds and drainages not only causing blockage o f water, but also effect 
aquatic life. To promote on the sustainability of this industry, the carbohydrate 
wastes should be handled properly. Hence, starch loaded wastes are converted into 
value-added product using enzymatic degradation of the starch wastes by starch- 
degrading bacteria to produce a-amaylse.
Moreover, the measurement of hydrogen yield with respect to the bacterial 
growth kinetics and the consumption of starch were mostly done on mixed consortia. 
Since the starch waste is hydrolysed to simple sugars for the biohydrogen production, 
amylolytic enzymes are possible be secreted by the hydrogen producing bacteria to 
degrade the starch. In other word, there is a possibility certain hydrogen producing 
bacteria possess the excellent potential to secrete amylase instead of only produce 
hydrogen gas. Majority of the studies on biohydrogen production do not further 
investigate the a -  amylase production from mixed consortia or pure strain.
This study was focused on the isolation of starch-utilising bacteria from 
cassava wastewater and sludge. Starch-utilising bacteria were then subjected to 
screening of starch hydrolysis, amylase activity and potency production of 
biohydrogen and the sample was idenitified by molecular technique. The purpose of 
the study was to highlight the potency of starch-degrading bacteria producing a- 
amylase at an ambient temperature and in a lower pH using cassava starch wastes as 
substrate. It was believed that the starch-degrading bacteri that isolated from starchy 
environment has the better starch utilisation ability and also the potency to produce 
high amount of a-amylase.
41.3 Objectives of study
• To isolate a novel starch degrading bacteria strain from cassava starch 
wastewater and sludge
• To identify the novel starch-degrading bacteria strain by molecular 
techniques
• To investigate the potential ability o f the isolated bacteria in the 
hydrogen production
• To correlate the concentration of starch utilisation with respect to the 
production of reducing sugar and microbial growth
1.4 Scope of the study
This study focused on the isolation of starch degrading bacteria from cassava 
wastewater and sludge in an enriched starch wastewater agar. This isolates were 
screened for its ability to produce extracellular a-amylase using starch hydrolysis 
test. The positive isolate was further screened for hydrogen production by gas 
chromatography (GC) equipped with thermal conductivity detector (TCD). Growth 
kinetics, starch utilisation ability and a-amylase activity of the positive isolate were 
analysed. Lastly, the isolate was identified by 16S rRNA sequencing and subjected 
to GenBank.
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